Purpose -The paper assesses how entrepreneurship affects knowledge economy (KE) in Africa.
Introduction
It is now abundantly apparent that for countries to be integrated into and competitive within the global arena, they have to adapt to the rules of competition that are consistent with globalisation: a phenomenon that has become an ineluctable process, whose challenges can be neglected only at the expense of the wealth of nations (Tchamyou, 2014; Asongu, 2015a) .
Competition in the 21
st century is fundamentally centred on knowledge economy (KE).
Unfortunately, recent evidence suggests KE in the African continent has been decreasing since the year 2000 (Asongu, 2015b) .
The 2014 African Economic Conference on "Knowledge and Innovation for Africa's Transformation" has clearly articulated, inter alia: the imperative of investing in innovations and technology that are centered on people, for Africa's development and the importance of knowledge economy in shaping Africa's future. This is broadly consistent with the recent stream of research on entrepreneurship (Brixiova et al., 2015) and innovation (Oluwatobi et al., 2014) for the continent's emergence from poverty (Kuada, 2011a) and stylized facts on doing business challenges on the continent (Ernst & Young, 2013; Leke et al., 2010) . We discuss recent African KE and entrepreneurship literature motivating the present line of inquiry in three main strands:
need for entrepreneurship and investment, business strategies for achieving sustainable progress and KE on the continent.
First, on entrepreneurship, in line with Tchamyou (2014) , doing business in Africa is extremely risky (Alagidede, 2008; Asongu, 2012) . Doing business indicators of the World Bank do not fully reflect the African situation in terms of the impact of labour regulation (Paul et al., 2010) . This is in accordance with an earlier position by Eifert et al. (2008) that the performance of African firms is undervalued by these indicators. The study is based on 7000 companies in 17 countries with data for the period [2002] [2003] . This finding does not overlook the current challenges of entrepreneurship in the continent (Taplin & Synman, 2004) which have culminated in, among others: studies encouraging more entrepreneurial lessons in undergraduate university programs (Gerba, 2012) ; a growing body of work on female entrepreneurial motivation (Singh et al., 2011) to bridge the substantially documented gender gap in doing business (Kuada, 2009) ; the fundamental roles of community and family relationships in the decision to become an entrepreneur (Khavul et al., 2009 ) and the effects of macroeconomic pressures on doing business in the continent (Kuada, 2011b) 1 .
With the post-2015 development agenda approaching, the second strand entails an evolving body of African business literature on strategies needed to achieving development that is sustainable. Sustainable development relationships from a plethora of business fields have been documented by Rugimbana (2010) who has also provided interesting strategies for the future. The long-term impact of training in entrepreneurship is more rewarding than short-term government hand-outs which for the most part culminate in violent protests and unanticipated ramifications (Mensah & Benedict, 2010) . The authors conclude that entrepreneurial facilities as well as training enable small corporations with avenues of ameliorating their livelihoods and ultimately emerging from poverty. This is consistent with conclusions of Oseifuah (2010) and Brixiova et al. (2015) on the need to train more African youths in order to address long-term unemployment concerns that can only be handled by massive engagement of the private sector (Asongu, 2013a) .
Above all, the role of KE in sustainable development is an indispensible dimension in the 21 st century (Tchamyou 2014) , especially to the African continent that has been witnessing a declining KE potential (Anyanwu, 2012b) .
We devote some space to engaging the relationship between entrepreneurship and economic development. Entrepreneurship has been substantially documented to be a source of poverty mitigation (Bruton et al., 2015; Si et al., 2015) . This narrative is consistent with social entrepreneurship (Alvarez et al., 2015) as well as institutional entrepreneurship (George et al., 2015) which are both favorable with, inter alia: (i) conducive politico-economic institutions (Autio & Fu, 2015) and (ii) microfinance institutions following social-welfare logic as opposed to the profitability logic (Im & Sun, 2015) .
In the third strand, recent KE literature in Africa has established that formal institutions may not be a necessary condition for the enhancement of the phenomenon . A tendency that has been relaxed in a latter study by the same authors using more macroeconomic indicators . The need for more investment in education to enhance doctoral productivity (Amavilah, 2009 ) and relaxing of intellectual property rights (IPRs) to improve scientific publications (Asongu, 2014) . The literature is broadly consistent on the need to invest more in KE for African development in order catch-up with failures in industrialization (AfDB, 2007; Chavula, 2010) .
The paper unites the three strands above by assessing the role of entrepreneurship on KE. It examines the impact of starting business, doing business and ending business on the four location decisions (Bartels et al., 2009 (Bartels et al., , 2014 Anyanwu, 2007 Anyanwu, , 2012a Amendolagine et al., 2013; Kinda, 2010; Tuomi, 2011; Yin & Vaschetto, 2011; Kolstad & Wiig, 2011; De Maria, 2010; Darley, 2012; Asiedu, 2002 Asiedu, , 2006 Asiedu & Lien, 2011 The rest of the study is organized as follows. Section 2 presents stylized facts, theoretical highlights and the relevant knowledge economy literature. Section 3 discusses the data and methodology. The empirical analysis is covered in Section 4, while Section 5 concludes.
Stylized facts, theoretical underpinnings and knowledge economy in Africa

Stylized facts and theoretical underpinnings
In accordance with recent literature (Such & Chen, 2007; Tchamyou, 2014; Asongu, 2015ab) , over the past decades, there has been a considerable soar in the production and dissemination of knowledge. This tendency can be traceable to the proliferation of ICTs which have facilitated electronic networking and consolidated computing strength. In essence, modern
ICTs are becoming more and more affordable, hence, easing efficiency in the diffusion of existing and new knowledge. Within this framework, some benefits include: (i) the possibility of scholars from various locations to collaborate and enhance scientific productivity and (ii) the production of novel knowledge and technology. To put these facts into perspective, between 1981 and 2005, the number of patents and trademarks granted in the United States of America (USA) witnessed a rise by more than 120%, hence, illustrating an increasing pace in the creation of new knowledge and technologies. Comparatively, during the same periodic interval, patents delivered outside of the USA increased from 39% to 48%. It is also important to note that, competition during the same interval has increased in the world economy. The pace and magnitude of this competition has been facilitated by the creation and diffusion ICTs and knowledge. As substantiated by Suh and Chen (2007) , the size of global trade as a proportion of GDP (which is a proxy for globalization and global competition) increased from 24% in 1960 to 47% in 2003.
In light of the above, it is therefore reasonable to infer that entrepreneurship has increased KE. The stylized facts are consistent with Kim (1997) and Kim and Kim (2014) on the entrepreneurship-driven KE in South Korea. This intuition which serves as theoretical basis for this line of inquiry is also broadly in accordance with entrepreneurship literature, notably : Bruton et al. (2008 : Bruton et al. ( , 2010 and Bruton & Ahlstrom (2003 . For instance according to Bruton et al. (2008) , entrepreneurship has played a key role in emerging countries' increasing orientation towards market orientation, KE and economic development.
Knowledge economy in Africa
In accordance with Tchamyou (2014) and Asongu (2015ab) , the KE literature on Africa can be engaged in eleven principal strands, namely: general narratives, education, innovation, economic incentives and institutional regimes, ICTs, research and development (R&D), intellectual capital and economic development, indigenous knowledge systems, IPRs, spatiality in the production of knowledge and KE in the transformation of space.
General narratives about KE in Africa in first strand are consistent with the perspective that compared to other regions of the world; KE is lower on the continent. For instance, Anyanwu (2012b) has shown that the knowledge economy index (KEI) of the continent has dropped during the period 2000 . Rooney (2005 had earlier established from dominant discourses that Africa is limited in technocracy and understanding of KE. The relationship between KE and growth has been examined by Lin (2006) who has articulated the relevance of rethinking the KE-growth nexus and incorporating some previously missing dimensions, like the importance of knowledge in facilitating environmental conservations, wealth and equality.
Education in the second strand can be emphasized with the following interesting findings: (i) the lagging position of Africa in the information highway (Ford, 2007) ; (ii) the low production/value of doctoral dissertations in Africa (Amavilah, 2009 ); (iii) need for more quality education, essential for the stimulation of growth (Chavula, 2010) ; (iv) the imperative of education in preserving cultural integrity, ending illiteracy and diversifying the economy (Weber, 2011) and (v) the importance of education in stimulating positive human capital externalities (Wantchekon et al., 2004) .
In the third strand on innovation: Anyanwu (2012b) has emphasized the need for more innovation on the continent; Oyelaran-Oyeyinka and Gehl (2007) have articulated that policy makers on the continent need to take the phenomenon more seriously because it is the main source of productivity and economic growth, while Carisle et al. (2013) have examined the innovation-tourism nexus to establish that institutions are important in networking, transfer of knowledge and preservation of best practices.
Concerning 'institutional regime and economic incentives' in the four strand, valuable insights into lessons from other developing nations and best practices have been provided by Cogburn (2003) who has attempted to clarify the transition in regimes of international telecommunications. Letiche (2006) has employed Behavioral economics to elucidate the success of economic transition and disclosed an examination of developing nations with varying determining factors like traditions and customs. The relevance of formal institutions in KE has been examined by Andrés et al. (2014) to establish that based on the instrumentality of IPRs, formal institutions are a necessary but not a sufficient condition for KE in Africa.
The same authors had previously concluded that corruption-control is the best institutional weapon in the fight against software piracy (Andrés & Asongu, 2013a) . The absence of financial incentives or credit unavailability is also a major constraint in the African business environment owing to substantially documented issues of surplus liquidity (Saxegaard, 2006; Asongu & De Moor, 2015ab) .
Consistent with Asongu (2015ab) , ICTs in the fifth strand are essential for mitigating poverty and boosting economic prosperity. According to the discourse, novel incomegenerating avenues are created with ICTs. Moreover, ICTs also enable access to new services and markets, enhance government and ameliorate efficiency. This narrative is consistent with Chavula (2010) and Butcher (2011) .
With regard to 'indigenous knowledge systems' in the sixth strand, Roseroka (2008) has investigated mechanisms by which: comparative advantages of oral knowledge can be emphasized and indigenous knowledge space preserved. Lwoga et al. (2010) , upon applying knowledge management frameworks to indigenous KE have concluded that knowledge management could be used to manage indigenous KE after controlling for specific features.
In the seventh stream on 'intellectual capital and economic development ', Wagiciengo and Balal (2012) are focused on the disclosure of information and lifelong learning. They establish that the disclosure of intellectual capital is growing in companies across Africa. In the same light, the nexus between international lifelong-learning policies and development assistance in Africa is unappealing because international priorities in development have negatively affected government choices towards domestic lifelong learning policies (Preece, 2013) .
R&D is the focus of the eighth strand. Within this framework, Sumberg (2005) has assessed the growing international architecture of agricultural research and concluded that African research realities are not in harmony with global research systems. German and Stroud (2007) have undertaken a study to improve the applications and understanding of R&D in order to present lessons, types and implications of learning approaches. In the same vein, the need for more emphasis on R&D in the drive towards African KE has been consistently articulated by the literature in the area, notably: African Development Bank (2007), Chavula (2010) and Anyanwu (2012b) .
In the tenth strand, we find literature that has focused on spatiality in the production of The last strand engages KE in space transformation. Here, Maswera et al. (2008) have assessed the rate of adoption of electronic (e)-commerce in the tourism industry to conclude that, whereas there are websites of information in Africa, they are substantially lacking in interactive e-transaction facilities.
We steer clear of above literature by assessing the impact of entrepreneurship on KE in
Africa. The contributions of the inquiry to the literature have already been discussed in the introduction.
Data and methodology
Data
The study assesses a balanced panel of 53 African nations with World Bank
Development indicators for the period 1996-2010 2 . The start year is constrained by governance data which is available only from 1996. The end year is 2010 to enable comparison with the literature motivating the study that is based on the same periodicity. The choices of the KE, entrepreneurship and control variables defined in Table 1 starting business, doing business and ending business. For brevity, the definitions of these variables are found in Table 1 .
The control variables which are in line with the underlying KE literature Amavilah et al., 2014) entail: population growth, inflation, government expenditure, financial size, financial efficiency and economic prosperity. The expected signs on KE depend on the dimensions of KE investigated. Apart from inflation, the other control variables should generally stimulate KE (see Amavilah et al., 2014, p. 24) . However, the expected signs still remain dynamic because the KE indicators have distinct features. The control variables are defined in Table 1 . 
2 Exploratory analysis
Principal component analysis (PCA)
Following Andres et al. (2014) and Amavilah et al. (2014) , the KE dimensions are reduced by PCA to mitigate potential concerns of information redundancy among indicators of various components. Table 2 which is in line with Tchamyou (2014) shows that the first principal component (PC) of each KE dimension is enough to proxy of a given KE dynamic because it respects the Kaiser (1974) and Joliffe (2002) criterion for the selection of first PCs:
an eigenvalue superior to one. For instance, ICTex which is the ICT index represents about 73% of common information in internet, mobile and telephone. 
Summary statistics and correlation analysis
The summary statistics of the variables presented in Table 3 has helped the exposition in a threefold manner. First, the variables are quite comparable. Second, there is a substantial degree of variation which implies that significant relationships should be expected. Third,
given the low degrees of freedom in the trademark and patent applications variables, instead of innovex from Table 2 above, we use Scientific and Technical Journals Articles (STJA) as a proxy for innovation. This assumption is consistent with recent literature (Chavula, 2010; Tchamyou, 2014) . The objective of the correlation matrix in Table 4 is to mitigate issues of multicollinearity and over-parameterization. Based on the analysis, the issues are not of serious nature to bias estimated results. 
Estimation technique
Consistent with Tchamyou (2014) 
Second-stage regression: 
Empirical results
Presentation of results
The empirical results presented in Table 5 below summarise the findings of Table 6 (Education), Table 7 (ICT), Table 8 (Economic incentives), Table 9 (institutional regime) and (Saxegaard, 2006) . Economic prosperity and government expenditure potentially have positive effects in improving institutional regime and stimulating innovation by means of STJA. The consistent negative effect of population growth could be explained by the fact that, quantity of population decreases quality in human resources (Asongu, 2013) and hence, a negative externality on KE. 
Technology Exports
ICT goods ---0.037* ----0.09*** ---(0.080) (0.000) ICT ser.
---0.07*** ---
Closing Business
Insolv.
-0.130 -1.01*** (0.430) (0.000) -
Control variables
Inflation --- --- 0.010 --- --- (0.648) Gov.E. 0.003** --- -0.003 --- --- (-- -0.234* --- --- --- (0.059) HT --- -0.028 --- -0.011 -0.031* (0.143) (0.553) (0.066) Property Rights C.En(log) --- -7.5*** --- --- --- (0.000) P.R(log) --- -0.8*** --- --- --- (0.000) Bus. Dis --- 0.027 --- --- --- (0.930)
Closing Business
-0.83*** -6.953 (0.000) (0.627) - 
Control variables
-- 0.012 --- --- --- (0.763) HT --- 0.010 --- --- --- (0.417) Property Rights C.En(log) --- 2.046* --- --- --- (0.058) P.R(log) --- -0.310 --- --- ---(0.244) Bus. Dis --- -0.4*** --- --- --- (
Further discussion and implications
We devote some space to further engaging the results in light of stylized facts and existing literature. First, we have established that increasing the time of starting a business has a positive effect on educational enrolment. Accordingly, the positive effect may be traceable to the education being perceived as an easier alternative to getting a job. This is the case in most African countries where educational enrolments are substantially high while corresponding entrepreneurship initiatives are low (Tvedten et al., 2014) . Accordingly, most students engage in formal education as a means of travelling abroad upon graduation and contributing to African development by means of remittances (Ngoma & Ismail, 2013; Osabuohien & Efobi, 2013; Ssozi & Asongu, 2015a) or being recruited by the public sector instead of engaging in entrepreneurship activities. The latter perspective is consistent with an interesting literature on youth employment by Baah-Boateng (2013 , 2015 .
Second, we have also seen that increasing the time of starting a business has a positive effect on economic incentives in term of private domestic credit. It should be noted that economic incentives are measured in this study with private domestic credit. Hence, the finding is consistent with economic theory because an extension of the time to start a business is inherently an additional cost to the doing of business. When this inference is reflected in the light of the cost of bureaucracy in many African countries, it is logical that potential entrepreneurs should recourse for more financial resources if their files are delayed and/or go through more public administration offices. This interpretation aligns with evidence that applications/files in public offices often have to be pushed from one step to another by means of bribery and corruption (Kiggundu, 2002) .
Third, we have also observed that augmenting the time of starting a business has a negative effect on innovation. This nexus is consistent with the predictions of economic theory. In essence, the most innovative countries in Africa (e.g Rwanda and Mauritius) are associated with the lowest time to start a business (World Bank, 2014) .
Fourth, interestingly, we have also broadly established that, but for a few exceptions, an increase in the number of businesses has a positive effect on KE dimensions. This relationship is consistent with the stylized facts engaged in Section 2, notably: (i) Suh and Chen (2007) on global trends; (ii) Tchamyou (2014) and Asongu (2015a) in the African literature; (ii) Kim (1997) and Kim and Kim (2014) Singapore (see Kim, 1997 to the production of what the continent consumes. For instance, whereas the continent is the witnessing comparatively higher mobile phone penetration rates (Asongu, 2013d (Asongu, , 2015c , there are growing calls for governments in the continent to tailor policies towards contributing more to this value chain (Asongu & Ssozi, 2015) .
Seventh, the fact that the impacts of property rights institutions are not very apparent may be an indication that policy makers on the continent need to improve property right laws so that they should be more conducive for the development of knowledge-based societies.
Accordingly, the positive effect on innovation may also imply that these rights are more skewed towards encouraging contributions to knowledge by means of scientific and technical journal publications, as opposed to mainstream entrepreneurial activities.
Eighth, we have noted that the impact of the time needed to resolve insolvency (or ending business) does not broadly encourage the building of knowledge-based economies.
This finding is in accordance with intuition in the perspective that societies with swift procedures of filling for bankruptcy and ending a business are traditionally associated with comparatively higher levels of KE (e.g the USA).
Ninth, as concerns the poverty implications of the study, the broadly positive nexus between entrepreneurship and KE is quite appealing given that both KE (Tchamyou, 2014; Asongu, 2015ab) and entrepreneurship (Bruton et al., 2015; Si et al., 2015; Alvarez et al., 2015 ; George et al., 2015; Autio & Fu, 2015; Im & Sun, 2015) have been documented to mitigate poverty.
Concluding remarks
While we have broadly found entrepreneurship to be playing an appealing role on KE, unexpected signs were also expected because Andrés et al. (2014) have established that the nexuses depends substantially on government policies and commitment to enforcing them.
While their conclusions show that formal institutions are not a necessary condition for KE, good policies could change the tendency. This narrative is consistent with Oluwatobi et al. The findings also show for the most part that, creating an enabling environment for starting business and doing business by means of trade globalization substantially boosts KE. While the former is consistent with intuition, the latter which cautions on specializing in trade activities for which the country already has a competitive advantage (like commodities that are not high-tech and ICT related) may not be very positive for long-term development. But at the initial levels of development, policy favoring reverse-engineering accompanied by lowering of IPRs would benefit domestic economies. This line of interpretation is consistent with a recent finding by Asongu (2014) who has established that, lower IPRs in software products could boost scientific publications and hence prospects of innovation in Africa. Thus, our findings confirm the narrative that the technology in African countries at the moment may be more imitative and adaptive for reverse-engineering in ICTs and high-tech products. However, given the massive consumption of ICT and high-tech commodities in Africa, the continent has to start thinking of how to participate in the global value chain of producing what it consumes.
We have also seen that when the time required to resolving insolvency stretches substantially, it prolongs the time required for ending a business. This may be substantially affect the motivation of entrepreneurs in starting a new business, hence, negatively affect KE. Overall, the findings are broadly consistent with a growing body of African entrepreneurship literature on, inter alia: management studies (Gerba, 2012) or general education (Singh et al., 2011) , entrepreneurial intentions (Gerba, 2012) and the appealing role of entrepreneurship in poverty mitigation by means of KE (Mensah & Benedict, 2010) . Hence, investigating the interactions between entrepreneurship and KE in poverty mitigation is an interesting future research direction.
